Abstract Misti dahi, a popular ethnic delicacy of eastern India analogous to caramel coloured set style sweetened yoghurt, besides several therapeutic virtues, contains high fat and sugar. Alike people elsewhere in the world, people in India too are now becoming health conscious and are aware of the relation between diet and health. Hence, high fat and sugar contents are causes of concern for the successful marketing of misti dahi in India. With a view to enhance the health attributes of misti dahi and improve marketability, three commercial dietary fiber preparations (inulin, soy fiber and oat fiber) were incorporated and their effect on the product's quality in terms of physicochemical, sensory and textural quality was assessed. Standard method was followed for the preparation of fiber fortified misti dahi (FFMD). Among the three dietary fibers, inulin significantly decreased viscosity and instrumental firmness and increased lightness (L*), redness (a*), yellowness (b*), syneresis and work of shear values of FFMD. Oat fiber settled at the bottom and gave a poor appearance. Soy fiber did not affect the flavor of FFMD. Although overall acceptability scores of inulin and soy fiber containing FFMD were significantly lower than control, they were still above the minimum acceptable score. Based on the results obtained in the present study, it was concluded that acceptable quality FFMD could be prepared using inulin and soy fiber at 1.5 % level of fortification.
Introduction
Traditional dairy products and sweets are an integral part of Indian heritage. About 9 % of the total milk produced in India is converted into fermented milk products (Singh 2007) . In eastern India, the traditional fermented dairy product, dahi, has been elevated to a dessert by sweetening it. The sweetened variety of dahi is popularly known as misti dahi or misthi doi and is analogous to caramel coloured set style sweetened yoghurt. With the successful development of a technology for the industrial production of misti dahi (Ghosh and Rajorhia 1990) , it is now being manufactured and marketed in different parts of the country (Rao and Solanki 2007) . Despite its several useful virtues as a fermented dairy product, presence of fat (1-12 %) and cane sugar (6-25 %) (Ghosh and Rajorhia 1987; Sarkar et al. 1992 Sarkar et al. , 1996 , in misti dahi is a cause of concern for calorie and health conscious people.
With the growing awareness of the link between diet and health among consumers, the demand for dietary fiber fortified health-based traditional Indian dairy products, without compromising the taste and texture, is increasing (Pal 2008) . Dietary fiber promotes beneficial physiological effects including laxation, and/or blood cholesterol attenuation, and/ or blood glucose attenuation (AACC 2001) . Soybean fibers have claimed to exhibit multiple physiological benefits, like the regulating effect on blood lipids, glucose metabolism and nutrients absorption (Erdman and Fordyce 1989) . Inulin is known for reduced calorific value and provide dietary fiber effects. It is neither digested nor absorbed in the small intestine, but is fermented in the colon by beneficial bacteria (Franck 2006) . Prebiotic effects of inulin have attracted many food scientists across the world as a suitable fiber source for fortification (Nair et al. 2010) and have been associated with enhancing the gastrointestinal system and immune system. In addition, it has been shown to increase the absorption of calcium and magnesium (Bosscher et al. 2006) , influence the formation of blood glucose, and reduce the levels of cholesterol and serum lipids (Causey et al. 2000) .
Milk and most milk products are devoid of dietary fiber. Worldwide, growing awareness of the physiological benefits of dietary fiber, among consumers, coupled with the ready availability of commercial dietary fiber preparations, led to the successful development of various dietary fiber fortified dairy products such as yoghurt (Fernandez-Garcia and McGregor 1997; Fernandez-Gracia et al. 1998; Staffolo et al. 2004; Garcia-Perez et al. 2005; Aportela-Palacios et al. 2005 ; Kip et al. 2006; Guggisberg et al. 2009 ), cheese (Buriti et al. 2007 Cardarelli et al. 2008) , imitation cheese (Hennelly et al. 2006) , ice cream (Singh et al. 2005; , probiotic ice-cream (Akalin and Erisir 2008) , yog-ice cream (El-Nagar et al. 2002; Ahmadi et al. 2012) , dairy dessert (Tarrega and Costell 2006) , lactic beverage (de-Castro et al. 2009; Villegas and Costell 2007) . In India, some traditional milk-based confections like gajar-pak (milk-carrot based), giya-ka-halwa (milk-bottle gourd based), doda-burfi (milkwheat based), kaju-burfi (milk-cashew nut based); cerealsbased milk desserts like kheer and dalia (Patel and Arora 2005) and milk-cereal based beverages like raabadi (Pal 2008; Modha and Pal 2011 ) contain significant quantities of dietary fiber. Further, attempts were made to fortify other commonly consumed Indian milk products such as dahi, lassi, kheer, paneer (Kantha and Kanawjia 2007) , whey based lassi-like beverage (Nair and Thompkinson 2008) with different commercial dietary fiber preparations to confer on them the physiological benefits of dietary fiber.
Because of the pleasant caramel and sour taste cherished by all age groups and the availability of technology for the industrial manufacture, misti dahi is now being sold in various parts of the country by leading brand owners. However, in the present health foods regime, the growing awareness of the relation between diets containing high fat and high sugar and non-communicable diseases among the consumers may impede the successful marketing of misti dahi in other areas. Recently, work has been carried out to partially address this concern by developing reduced fat (Raju and Pal 2009 ) and artificially sweetened misti dahi (Raju and Pal 2011) for the benefit of health conscious people. Fortification of misti dahi with dietary fiber can provide the product with a spectrum of health benefits to the consumer. Earlier studies have reported that source of dietary fiber affects both the sensory and textural properties of cultured dairy products (Fernandez-Garcia and McGregor 1997; Staffolo et al. 2004) . Hence, the present study was undertaken to study the effect of some commercially available dietary fiber preparations on the physico-chemical, sensory and textural properties of misti dahi.
Materials and methods

Raw materials and ingredients
Milk
Fresh raw buffalo whole milk and skimmed milk were procured from the Experimental Dairy of the National Dairy Research Institute (NDRI), Karnal (India).
Starter culture
The mixed culture NCDC-263 containing Streptococcus thermophilus and Lactobacillus bulgaricus obtained from the National Collection of Dairy Cultures, NDRI, Karnal was used as starter culture. The starter culture was maintained in autoclaved reconstituted skimmed milk (12 g/ 100 mL) by sub-culturing once in a fortnight for attaining high activity.
Dietary fibers
Dietary fibers used in the study viz. oat fiber (Vitacel® HF-600®), soy fiber (Fimbrim®) and inulin (Raftiline® ST) were supplied by M/sJ. Rettenmair and Sohne Gmbh (Germanay), M/s Solae Company (Gurgaon, India) and M/ s Orafti Active Food Ingredients (Belgium), respectively.
Other ingredients
Medium heat classified mixed milk (buffalo and cow) skimmed milk powder (SMP) with about 3-4 whey protein nitrogen index (WPNI) (as per manufacturer's report) was procured from M/s Modern Dairies Ltd., Karnal while cane sugar was obtained from the market. Caramel powder ) (E 150 c) was supplied by M/s Alvin Chemicals (India) Pvt. Ltd. (Ahmednagar, India).
Preparation of fiber fortified misti dahi (FFMD)
Misti dahi was prepared from reduced fat buffalo milk as per the procedure described by Raju and Pal (2009) . Fresh raw buffalo milk was divided into four batches of 2.5 kg each and was standardized to 3 % milk fat and 15 % solids-not-fat (SNF) using fresh raw skimmed buffalo milk and skimmed milk powder (SMP), respectively. All the batches were preheated to 60-65°C. Cane sugar and caramel were added to each batch at a rate of 14 g/100 mL and 0.1 g/100 mL, respectively. In the present study, in the absence of legal standards for fiber fortified dairy products in India, the level of fiber incorporation in misti dahi was chosen slightly above the level (1.3 g/100 mL) as per earlier works carried out on similar products elsewhere in the world (Fernandez-Garcia and McGregor 1997; Fernandez-Gracia et al. 1998; Staffolo et al. 2004) . Among the four batches, three were fortified with 1.5 g dietary fibers each of inulin (T 2 ), soy fiber (T 3 ) and oat fiber (T 4 ) per 100 mL of mix and the one to which no fiber were added was treated as control (T 1 ). Homogenization of all the batches was carried out (60°C) in a two stage homogenizer (M/s Goma Engineers, Mumbai) with 6.89 MPa (1000 psi) and 3.44 MPa (500 psi) pressures at first and second stages, respectively. All the batches of misti dahi mixes were pasteurized at 90°C for 10 min and then cooled to 45°C. Then the starter culture was added at a rate of 2 g/100 mL to each batch and filled into pre-sterilized 100 mL standard cups (M/s Tarsons Products Pvt. Ltd., Kolkata). Incubation was carried out at 42±1°C for about 5-6 h till a final titratable acidity of 1 % expressed as lactic acid was reached. Once the desired acidity was obtained, without disturbing the set product, cups were transferred to refrigerated storage (6-8°C). All the trials were carried out in triplicate.
Physico-chemical analysis
Titratable acidity
Titratable acidity in terms of per cent lactic acid was determined by adopting the method as described by AOAC for cheese (AOAC 1975) . Two grams of sample was taken in a porcelain dish and mixed homogenously by adding 20 mL hot distilled water (65°C). This was followed by addition of 10 mL of 0.1 mol equi/L sodium hydroxide and 1 mL of 0.5 g/100 mL phenolphthalein indicator. The mixture was titrated against 0.1 mol equi/L hydrochloric acid with continuous stirring till the pink color disappeared completely.
Water activity
Water activity of misti dahi was measured using water activity meter "Aqua Lab" (Model Series 3 TE) supplied by Decagon Devices, WA, USA. Prior to the measurement the samples were tempered to 25°C.
Color
The surface color of set fiber fortified misti dahi was measured using a "Colorflex" colorimeter supplied by Hunterlab (Hunter Associates Laboratory, Inc., Reston, VA, USA) along with the software (version 4.10) and the results were expressed in terms of CIELAB system. Before the test, the instrument was calibrated with standard black and white tiles as specified by the manufacturer. The light source was dual beam xenon flash lamp. Data was received through the software in terms of L* (lightness), ranging from 0 (black) to 100 (white), a* (redness), ranging from +60 (red) to −60 (green) and b* (yellowness), ranging from +60 (yellow) to −60 (blue) values. For this, the pasteurized and cooled fiber fortified misti dahi mix was filled (75 mL) into a pre-sterilized glass beaker (10 cm height and 6 cm dia.) up to 3 cm and incubation was carried out along with the other cups. After about 16 h of storage at refrigerated temperature (6-8°C), the cups were removed from the refrigerator and tempered at 25°C for 2 h. Later the contents of the beakers were loosened from the sides with the help of a spatula and the contents were inverted and transferred into the sample container attached with the Colorflex instrument. During transfer care was taken to avoid breaking of the gel/curd. Readings were taken in triplicate for each sample.
Syneresis
Syneresis was determined following drainage method as described by Chawla and Balachandran (1994) . In this case, after about 16 h of storage under refrigeration, the set FFMD cups were taken out and tempered to 25°C. With the help of a spatula the contents of the cups were loosened from the sides and straight away emptied into a glass funnel (12.5 cm dia) with a Whatman No.1 filter paper (15.0 cm dia). The funnel was placed on a graduated glass cylinder (23 × 3.5 cm) of 100 mL capacity. The funnel with cylinder was kept in the room maintained at 25°C. The quantity of whey collected after 2 h of drainage was considered as syneresis and expressed as per cent whey separated.
Viscosity
For measuring the viscosity, the FFMD samples were tempered to 20°C and stirred gently 20 times in clockwise and anti-clockwise direction using a spatula and filled into a concentric rotational viscometer (Contraves Rheomat RM 108 ER) supplied by M/s Metler-Toledo, Switzlerland. Viscosity was measured using a 2-2 measuring system with a shear rate of 50 s -1 as per the procedure described in the supplier's manual.
Texture measurement
Textural attributes such as firmness and stickiness were determined by back extrusion method using a texture analyzer, TA-XT2i (M/s Stable Micro Systems, UK) fitted with a 25 kg load cell and was calibrated with 5 kg standard dead weight prior to use. For determining the textural attributes, the pasteurized and cooled misti dahi mix was filled (~125 mL) up to 5 cm in a pre-sterilized glass beaker (10 cm height and 6 cm dia.) and incubation was carried out. The beakers were tempered at 25°C for 2 h prior to analysis. The probe (A/BE 35) was penetrated up to 10 mm (20 % compression) into the set misti dahi at a cross head speed of 1.0 mm/s. The probe displaced the material by compression followed by back-extrusion, so that the fluid flowed upwards through the concentric annular space. From the resulting force-time curves, firmness i.e., the force for compression (N), stickiness i.e., the negative peak force (N) during withdrawal, work of shear (N.s) and work of adhesion (N.s) were calculated using the Texture Expert Exceed software (v 2.55) supplied by the manufacturer along with the instrument. All measurements were done in quadruplicate per each sample.
Sensory analysis
The cups of misti dahi subjected to different treatments were drawn from the refrigerator just before sensory evaluation. All the samples were evaluated for sensory attributes such as colour and appearance, body and texture, flavor and overall acceptability on a 9-point hedonic scale (9 for liking extremely and 1 for disliking extremely) by a panel of six semi-trained (discriminative and communicative) judges (5 male and 1 female with age ranged between 49-62 years) from the Faculty of Dairy Technology Division of NDRI, Karnal. As the nine-point hedonic scale occupies a unique place in terms of its general applicability to the measurement of product acceptance-preference (Stone and Sidel 2004) it was selected for the present study. The panelists have not been trained for the present study but they are dairy professionals having adequate knowledge about the sensory evaluation methods and the product attributes. Randomly one cup (100 mL) of each treatment was drawn from the refrigerator just before serving and was served to each panelist for judging. The colour and appearance scores were given by looking at the colour of the FFMD and presence or absence of whey separation on the surface of FFMD. Then a spoonful of FFMD was placed in the mouth and how it sticks to the tongue and sides of the mouth was noticed. The body and texture score was given based on the overall perception of sample's firmness (force required to compress FFMD between the tongue and the palate), adhesiveness (amount of FFMD stuck to the tongue and palate after compression), thickness (consistency of FFMD after initial compression between tongue and the palate) and dissolvability (ease with which FFMD dissolved) in the mouth. After noticing the body and texture, the flavours and sensations perceived in the mouth were observed and recognized. Acidity, sweetness and caramel taste are one of the first sensations of misti dahi. Accordingly, the flavour scores of FFMD were given. Based on the overall perception of the samples, the overall acceptability scores of FFMD were given by the panelists. For any sensory attribute a minimum score of 6.5 (between like slightly and like moderately) was considered commercially acceptable.
Statistical analysis
The results obtained in the present study were subjected to analysis of variance (ANOVA) using MS-Excel software (v 2003) (Microsoft Corporation (I) Pvt. Ltd., Gurgaon, India). (ii) body and texture; (iii) flavour; and (iv) overall acceptability. Each observation is a mean ± SD of three replicates (n03).
abc mean values of treatments within a graph with different letters significantly differ (p<0.05) Data obtained from the triplicate trials were used for statistical analysis. Among the various available methods for finding out the significantly different treatment means, techniques such as least significant difference (LSD), also called as critical difference (CD) and the Duncan's multiple range test (DMRT) are commonly applied. In the present study, LSD was calculated as per the method described by Rangaswamy (1995) and the significant differences were determined at 95 % level of confidence. Pearson's correlation coefficients between sensory and instrumental parameters were calculated using SPSS v.16.0 for Windows software (SPSS South Asia (P) Limited, Bangalore, India).
Results and discussion
Sensory attributes
The effect of different dietary fibers on the sensory attributes of misti dahi is given in Fig. 1 . It can be seen that highly significant differences were observed among all the sensory attributes of misti dahi (p<0.01) ( Table 1 ). The control misti dahi had higher colour and appearance score in comparison with misti dahi containing fibers. Among fiber containing samples, T 4 (oat fiber) samples received significantly low score (5.39) from the panelists (p<0.01) because of formation of a clear layer of settled oat fiber that was observed in all T 4 cups. Fernandez-Garcia and McGregor (1997) reported that addition of sugar beet fiber and rice fiber significantly lowered the appearance scores of sweetened plain yoghurt. Contrary to present finding, FernandezGarcia and McGregor (1997) reported that yoghurt fortified with two oat fibers containing 88 % and 97 % insoluble dietary fiber, respectively at 1.32 g/100 mL level each were abcd mean values of treatments within a graph with different letters significantly differ (p<0. 05) found to be commercially acceptable. Oat fiber used in the present study contained about 93 % insoluble fiber (as per manufacturer's report) that got settled at the bottom of the cup with definite aggregates during incubation and resulted in an unacceptable appearance. This coupled with increased syneresis in T 4 samples (Fig. 2) could be attributed for the lowest colour and appearance score of oat fiber containing misti dahi (T 4 ). Although, inulin (T 2 ) and soy fiber (T 3 ) containing misti dahi recorded lower scores (7.88 and 7.64, respectively) compared to control (T 1 ) (7.97), the mean scores were above 6.5 indicating acceptable quality.
Among the FFMD samples, inulin (T 2 ) and oat fiber (T 4 ) containing batches received significantly low body and texture scores (p<0.01). However, soy fiber containing samples (T 3 ) were comparable with control (T 1 ) (p>0.05) (Fig. 1) . The reduced body and texture scores of fiber fortified misti dahi are in agreement with the results of fiber fortified yoghurt as reported by Fernandez-Garcia and McGregor (1997) . The lower score for body and texture of FFMD could be attributed to interactions of the fiber with milk solids that led to weak gel formation. The instrumental firmness results of FFMD given in Textural attributes section confirm the same.
In general, fiber incorporation significantly decreased the flavour scores of misti dahi (Table 1) . Inulin and oat fiber significantly (p<0.01) lowered the flavour scores of misti dahi. However, the flavour score of soy fiber containing samples (T 3 ) was not different from the control (p>0.05). Fernandez-Gracia et al. (1998) reported that fiber addition significantly reduced the flavour scores of yoghurt. Contrary to our results, Fernandez-Garcia and McGregor (1997) reported that soy fiber with more amount of insoluble fiber reduced the flavour score of yoghurt while the flavour scores of oat fiber containing yoghurt were comparable to control.
Fiber fortification significantly reduced the overall acceptability of FFMD compared to control misti dahi (p< 0.01). Among all the batches, oat fiber containing misti dahi (T 4 ) recorded least acceptability score (p<0.01). Although the overall acceptability scores of T 2 and T 3 batches were less compared to control, the difference was not significant (p>0.05). The reduced overall acceptability score (6.21) of T 4 batch could also be attributed to poor appearance and increased syneresis (Fig. 2) . In the present study, although fiber containing misti dahi recorded lower scores compared to control (T 1 ), the mean scores of inulin (T 2 ) and soy fiber (T 3 ) containing FFMD were above 6.5 indicating that FFMD of acceptable quality could be manufactured using inulin and soy fiber.
Physico-chemical properties
The effect of incorporation of dietary fibers on the physicochemical characteristics of misti dahi is given in Fig. 2 with their statistical analysis results in Table 1 . It can be observed . Each observation is a mean ± SD of three replicates (n03).
abcd mean values of treatments within a graph with different letters significantly differ (p<0.05) that fiber incorporation significantly (p<0.01) affected most of the physico-chemical properties. The fiber incorporation led to increased acidity of misti dahi (p<0.05). Inulin containing misti dahi (T 2 ) recorded significantly higher (p< 0.05) acidity than the control (T 1 ) and soy fiber (T 3 ) containing samples. Inulin contains soluble fiber (Franck 2006) which might have been easily digested by the bacteria resulting in the formation of byproducts such as organic acids (Fernandez-Garcia and McGregor 1997; FernandezGracia et al. 1998 ) including lactic acid leading to increased titratable acidity. Fernandez-Gracia et al. (1998) reported that oat fiber addition in sweetened yoghurt slightly increased the lactic acid content after 6 h of fermentation. Fernandez-Garcia and McGregor (1997) reported that fiber addition did not significantly affect lactic acid production by the starter cultures although, at the end of the fermentation and after 4 weeks of cold storage, a higher concentration of lactic acid in the fiber fortified yoghurts with similar pH values was observed. Similar observations were made by Aryana (2006) in fiber fortified probiotic fat-free plain set yoghurt. Our observation in the present study, the higher acidity of FFMD fortified with dietary fibers, is in the order of earlier reports.
Soy fiber (T 3 ) significantly reduced the syneresis of misti dahi compared to control and other batches. Inulin (T 2 ) and oat fiber (T 4 ) addition resulted in slight increase in syneresis in FFMD (Fig. 2) , which was insignificant (p>0.05). Guven et al. (2005) reported that inulin significantly increased whey separation in set-type low-fat yoghurt. However, it was reported that upon storage for 3 days inulin resulted in decreased whey separation (p<0.01). Garcia-Perez et al. (2005) reported that addition of orange fiber at 0.6 % and 0.8 % had a breakening effect in the gel structure of yoghurt which led to increase in syneresis. Further, when added at 1 % level, the syneresis decreased due to increased water holding of fiber that absorbed the whey released by the gel structure (Garcia-Perez et al. 2005) . However, Aryana (2006) reported that the average syneresis values of most fiber fortified yogurts were comparable to the control. Decreased syneresis of T 3 samples could be attributed to the water holding capacity of soy fiber. The slight increase in syneresis of inulin containing misti dahi could be due to disturbance in gel structure that led to whey separation.
Water activity significantly (p<0.01) increased with fiber incorporation into misti dahi (Table 1) . T 2 samples recorded the highest water activity among all the batches. Water activity gives a better indication about water's ability to function as a reactant and solvent (Bell 2007) . In the present study, the gel structure of misti dahi was observed to be affected by fiber fortification as revealed by lower body and texture scores (Fig. 1 ) and increased syneresis (Fig. 2) . Expulsion of water from the gel matrix of misti dahi due to the presence and interaction of fibers that led to increased syneresis could be attributed to increased water activity of FFMD samples.
Many researchers reported that the apparent viscosity of yoghurts affected differently depending on the type of fiber source. In the present study, it was observed that inulin (T 2 ) significantly decreased the viscosity of misti dahi (p<0.01) while soy fiber and oat fiber did not affect the viscosity (p> Fig. 4 Effect of dietary fibers on textural attributes of mishi dahi: (i) Firmness; (ii) Stickiness; (iii) Work of shear; and (iv) Work of adhesion. Each observation is a mean ± SD of three replicates (n03).
abcd mean values of treatments within a graph with different letters significantly differ (p<0.05) 0.05) (Fig. 2) . Staffalo et al. (2004) reported that the apparent viscosity of yoghurt decreased when inulin was incorporated at 1.3 %. Fernandez-Garcia and McGregor (1997) reported that fiber treatments increased the apparent viscosity of the yoghurt compared to control but the differences were insignificant. However, Aryana (2006) reported that the apparent viscosity of fiber fortified yoghurts were comparable to the control when six different fibers were separately added at 0.02 % level. Fernandez-Gracia et al. (1998) reported that fiber addition resulted in significant increase in apparent viscosity. Aportela-Palacios et al. (2005) reported that wheat bran addition led to significant increase in the apparent viscosity of yoghurt. The reduction in the viscosity of inulin fortified misti dahi (T 2 ) could be due to interaction of inulin and milk proteins and thus formation of weak gel.
Fiber fortification led to significant changes in the instrumental colour of misti dahi (Table 2 ). It can be seen from Fig. 3 that lightness (L*) values of misti dahi were significantly decreased in T 3 and T 4 batches (p<0.01) compared to control (T 1 ). Mean L* value (77.24) of T 2 samples was observed to be significantly higher (p<0.01) compared to T 1 samples (76.77). Soy fiber (75.35) and oat fiber (75.77) addition significantly reduced the L* value of misti dahi compared to control (p < 0.01). Staffalo et al. (2004) reported that among different fibers studied, only apple fiber addition imparted distinctive brownish colour and lower L* value to yoghurt. In a study on prebiotic fiber fortified yoghurt, Aryana (2006) reported that L* value of Hydrobind, an off-white to light grey coloured commercial dietary fiber, was significantly lower than the L* values of other studied fibers. The redness value of misti dahi increased significantly (p<0.01) with soy fiber and inulin fortification while significantly reduced (p<0.01) with oat fiber fortification. The yellowness of misti dahi increased significantly (p<0.05) with inulin incorporation while decreased significantly with oat incorporation (p<0.05).
Textural attributes
Texture of misti dahi as affected by incorporation of different dietary fibers is given in Fig. 4 . Fiber fortification significantly reduced the firmness of misti dahi (p<0.01) ( Table 1) and among all the fibers, oat fiber containing misti dahi recorded the lowest firmness value. The decreased firmness values of misti dahi could be attributed to the disrupting effect of fiber on the gel.
Work of shear is the amount of force required to perform shearing process. It thus measures the resistance offered by the sample throughout the probe penetration, unlike the maximum force or peak force measured for firmness/hardness. Inulin significantly increased the work of shear than the control and other fiber containing samples (p<0.05). However, no significant change in work of shear was observed between the soy fiber and oat fiber containing misti dahi (p>0.05). In the present study, work of shear decreased with oat fiber and soy fiber addition but increased with inulin addition.
Stickiness is an important sensory attribute of semi-solid food materials, which is described as a feeling that can be perceived by tongue and palate (Adhikari et al. 2001) . The degree to which the product becomes loose from different parts of the mouth determines the intensity of stickiness. The work of adhesion values increased by fortification with all the fibers. However, no significant differences were observed in the stickiness and work of adhesion values upon fiber fortification in misti dahi (p>0.05). Garcia-Perez et al. (2006) reported that low doses of orange fiber viz. 0.6 % and 0.8 % reduced textural parameters whereas 1 % fiber addition improved textural properties.
Correlation between sensory and instrumental parameters
Pearson's correlation coefficients between sensory and instrumental data are presented in Table 2 . Overall acceptability of FFMD was highly and positively correlated with colour and appearance (r0+ 0.889, p<0.05), flavour (r0+ 0.901, p<0.05) and body and texture (r0+ 0.806, p<0.05). Body and texture was positively correlated with colour and appearance (r0+ 0.680, p<0.05). The correlation of flavour scores was highly positive with colour and appearance (r0+ 0.915, p<0.01) and body and texture (r0+ 0.780, p<0.05) scores. Syneresis negatively correlated with all the sensory attributes but the correlation was found to be non significant (p>0.05). Redness (a*) was positively correlated with colour and appearance (r0+ 0.606, p<0.05). The correlation of firmness was highly positive with all the sensory attributes viz. colour and appearance (r0+ 0.773, p<0.01), flavor (r0+ 0.853, p<0.01), body and texture (r0+ 0.777, p<0.01, and overall acceptability (r0+ 0.849, p<0.01). Stickiness was negatively correlated with all the sensory attributes but the correlation was observed to be non-significant (p>0.05).
Conclusion
With a view to improve the health benefits of misti dahi, three commercially available dietary fiber preparations were incorporated and their effect on the quality of the product was determined. Among the three dietary fibers, inulin significantly decreased viscosity and instrumental firmness and increased lightness (L*), redness (a*), yellowness (b*), syneresis and work of shear values of FFMD. Oat fiber settled at the bottom and gave a poor appearance. Soy fiber did not affect the flavor of FFMD. Although overall acceptability scores of inulin and soy fiber containing FFMD were significantly lower than control, they were much above the minimum acceptable score. Based on the sensory analysis results obtained in the present study, it was concluded that acceptable quality FFMD could be prepared using inulin and soy fiber.
